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Summary
Background Metastatic castration-resistant prostate cancers are enriched for DNA repair gene defects (DRDs) that can 
be susceptible to synthetic lethality through inhibition of PARP proteins. We evaluated the anti-tumour activity and 
safety of the PARP inhibitor niraparib in patients with metastatic castration-resistant prostate cancers and DRDs who 
progressed on previous treatment with an androgen signalling inhibitor and a taxane.

Methods In this multicentre, open-label, single-arm, phase 2 study, patients aged at least 18 years with histologically 
confirmed metastatic castration-resistant prostate cancer (mixed histology accepted, with the exception of the small 
cell pure phenotype) and DRDs (assessed in blood, tumour tissue, or saliva), with progression on a previous next-
generation androgen signalling inhibitor and a taxane per Response Evaluation Criteria in Solid Tumors 1.1 or 
Prostate Cancer Working Group 3 criteria and an Eastern Cooperative Oncology Group performance status of 0–2, 
were eligible. Enrolled patients received niraparib 300 mg orally once daily until treatment discontinuation, death, or 
study termination. For the final study analysis, all patients who received at least one dose of study drug were included 
in the safety analysis population; patients with germline pathogenic or somatic biallelic pathogenic alterations in 
BRCA1 or BRCA2 (BRCA cohort) or biallelic alterations in other prespecified DRDs (non-BRCA cohort) were included 
in the efficacy analysis population. The primary endpoint was objective response rate in patients with BRCA alterations 
and measurable disease (measurable BRCA cohort). This study is registered with ClinicalTrials.gov, NCT02854436.

Findings Between Sept 28, 2016, and June 26, 2020, 289 patients were enrolled, of whom 182 (63%) had received three 
or more systemic therapies for prostate cancer. 223 (77%) of 289 patients were included in the overall efficacy analysis 
population, which included BRCA (n=142) and non-BRCA (n=81) cohorts. At final analysis, with a median follow-up 
of 10·0 months (IQR 6·6–13·3), the objective response rate in the measurable BRCA cohort (n=76) was 34·2% 
(95% CI 23·7–46·0). In the safety analysis population, the most common treatment-emergent adverse events of any 
grade were nausea (169 [58%] of 289), anaemia (156 [54%]), and vomiting (111 [38%]); the most common grade 3 or 
worse events were haematological (anaemia in 95 [33%] of 289; thrombocytopenia in 47 [16%]; and neutropenia in 
28 [10%]). Of 134 (46%) of 289 patients with at least one serious treatment-emergent adverse event, the most common 
were also haematological (thrombocytopenia in 17 [6%] and anaemia in 13 [4%]). Two adverse events with fatal 
outcome (one patient with urosepsis in the BRCA cohort and one patient with sepsis in the non-BRCA cohort) were 
deemed possibly related to niraparib treatment.

Interpretation Niraparib is tolerable and shows anti-tumour activity in heavily pretreated patients with metastatic 
castration-resistant prostate cancer and DRDs, particularly in those with BRCA alterations.

Funding Janssen Research & Development.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Patients with metastatic castration-resistant prostate 
cancer who have progressed on a next-generation 
androgen signalling inhibitor and taxane chemotherapy 
(docetaxel, cabazitaxel, or both) have few treatment 
options.1,2 DNA repair gene defects (DRDs), seen in 
approximately 12–23% of tumours in patients with 
metastatic prostate cancer when considering both 
germline and somatic alterations,3–5 are associated with 
cancer development, aggressiveness, and progression.6 

These DRD-altered tumours are not only frequent in 
metastatic disease, but are also associated with poor 
prognosis and potential resistance to systemic ther-
apies.7 Developing more effective treatments to improve 
survival for these patients is therefore a critical unmet 
need.

Cancers with DRDs, particularly those with defects in 
homologous recombination repair, are highly sensitive to 
the blockade of DNA single-strand break repair via 
inhibition of the PARP family of nuclear proteins, which 
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are involved in single-strand DNA break repair.8 PARP 
inhibitors, such as olaparib, rucaparib, and talazoparib, 
have been studied in patients with metastatic castration-
resistant prostate cancer and DRDs in previous phase 2 
and 3 studies.9–13 Olaparib is approved in the EU for 
BRCA1-mutated or BRCA2-mutated metastatic castration-
resistant prostate cancer14 and by the US Food and Drug 
Administration (FDA) for patients with metastatic 
castration-resistant prostate cancer and DRDs progressing 
after treatment with enzalutamide, abiraterone, or both,15 
whereas rucaparib is approved for patients with BRCA1-
mutated or BRCA2-mutated metastatic castration-
resistant prostate cancer who have been treated with an 
androgen signalling inhibitor therapy and a taxane.16

Niraparib, a potent and highly selective inhibitor of 
PARP-1 and PARP-2, is approved by the FDA for the 
maintenance treatment of select patient populations 
with ovarian, fallopian tube, and primary peritoneal 
cancers.17,18 Here, we report the final anti-tumour activity 
and safety results of a multicentre, open-label, phase 2 
study of niraparib in patients with metastatic castration-
resistant prostate cancer and tumour DRDs, whose 
disease had progressed on androgen signalling inhi-
bitor therapy and taxane chemotherapy (docetaxel, 
cabazitaxel, or both).

Methods
Study design and participants
GALAHAD is an open-label, phase 2 study at 
115 hospitals or health-care centres in 15 countries 
(appendix pp 8–9), which consisted of the following 
phases: prescreening, screening, treatment, follow-up, and 
long-term extension.

Male patients aged at least 18 years with histologically 
confirmed metastatic castration-resistant prostate cancer 
(mixed histology was acceptable, with the exception of the 
small cell pure phenotype, which was excluded) were 
eligible if they had a predefined DRD and disease 
progression on an androgen signalling inhibitor and 
taxane chemotherapy (docetaxel, cabazitaxel, or both). 
Disease progression was defined as progression of 
metastatic prostate cancer in the setting of castrate levels 
of testosterone of up to 50 ng/dL on a gonadotropin-
releasing hormone analogue or with history of bilateral 
orchiectomy at study entry, with progression specifically 
defined as prostate-specific antigen (PSA) progression or 
radiographic progression of soft tissue by Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 
or bone disease by Prostate Cancer Working Group 3 
(PCWG3) criteria.19,20 Patients were also required to have 
an Eastern Cooperative Oncology Group (ECOG) 
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Research in context

Evidence before this study
At the time that the GALAHAD study was designed, docetaxel 
and the androgen signalling inhibitors abiraterone acetate and 
enzalutamide were the only established treatment options for 
patients with metastatic castration-resistant prostate cancer, 
but there remained a subset of patients who either did not 
initially respond or became refractory to these agents and for 
whom no approved therapeutic options were available. 
Given that genomic instability is a hallmark of cancer that has 
been documented in this patient population, we evaluated the 
medical literature by searching PubMed from database 
inception up to Aug 31, 2016, with (castration) AND (resistant) 
AND (“prostatic neoplasm” OR “prostate cancer”) AND 
(“genomic instability” OR “DNA repair” OR “DNA repair defect”) 
as search terms of interest with no additional restrictions 
(eg, to English language publications only). The search yielded 
33 results. Only two of these were clinical trial publications, 
which presented results from an early phase 1 study of veliparib 
and the phase 2 TOPARP study of olaparib—both PARP 
inhibitors—in this disease setting. Veliparib was reported to 
have low efficacy, but the high response rate observed among 
patients with specified DNA repair gene defects (DRDs) in the 
TOPARP study provided a compelling rationale for assessing the 
clinical activity and safety of other such agents in a genetically 
selected patient population. Coauthors of the current study also 
contributed appropriate citations of importance that were not 
detected by the original search strategy or that were found in 
subsequent literature, with an emphasis on randomised clinical 

trials, systematic reviews, meta-analyses, and prospective 
observational studies. Taken together, the findings indicated 
that PARP inhibitors show notable activity in cancers with 
DRDs. In articles published since the GALAHAD study was 
initiated, further clinical activity has since been reported in 
metastatic castration-resistant prostate cancers with selected 
DRDs for the PARP inhibitors olaparib, rucaparib, and 
talazoparib (for which key primary publications are cited in the 
present work), but not yet for niraparib, which is also a potent 
and highly selective PARP inhibitor with established efficacy 
and tolerability in other cancers.

Added value of this study
To our knowledge, the GALAHAD study is the first to show the 
anti-tumour activity of niraparib in patients with metastatic 
castration-resistant prostate cancer and DRDs who previously 
progressed on both androgen signalling inhibitors and taxanes, 
with notable activity particularly in the cohort of patients with 
defects in BRCA1 or BRCA2.

Implications of all the available evidence
This final analysis of the GALAHAD study suggests that in 
patients with heavily pretreated metastatic castration-resistant 
disease, niraparib could offer promising clinical activity with a 
manageable safety profile. These findings motivate the further 
assessment of niraparib alone or in combination with other 
agents to improve treatment options and underscore the 
importance of biological disease profiling in informing 
treatment decisions.
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performance status of 2 or less. Patients with measurable 
and non-measurable disease were enrolled. Exclusion 
criteria included previous treat ment with a PARP inhibitor 
or platinum-based chemo therapy regimen, and a known 
history or current diagnosis of myelodysplastic syndrome 
or acute myeloid leukaemia. The full eligibility criteria are 
available in the protocol (appendix).

All patients provided written informed consent. 
Independent ethics committees or institutional review 
boards of each participating institution approved this 
study. The study was conducted according to Good 
Clinical Practice guidelines and the Declaration of 
Helsinki. The study protocol is available in the appendix.

Procedures
Patients were prescreened using a blood sample (Resolution 
Bioscience, Kirkland, WA, USA) or tumour tissue sample 
(Foundation Medicine, Cambridge, MA, USA21) for 
evaluation of DRD alterations. The Resolution Bioscience 
assay, Resolution HRD, is a targeted hybrid capture, next-
generation sequencing assay that detects single-nucleotide 
variants, indels, and copy number variation (including 
homozygous deletions) in genes involved in homologous 
recombination repair using cell-free DNA from plasma. 
The specific genes of interest for DRD consisted of eight 
candidates: ATM, BRCA1, BRCA2, BRIP1, CHEK2, 
FANCA, HDAC2, and PALB2. In addition, three genes that 
are commonly mutated in metastatic castration-resistant 
prostate tumours were evaluated: AR, CDKN2A, and TP53. 
This Resolution Bioscience assay can also identify patients 
with monoallelic and biallelic pathogenic alterations in the 
genes of interest. Patients were eligible to enter the 
screening phase if a deleterious germline or somatic 
alteration was found in at least one of the following genes: 
ATM, BRCA1, BRCA2, BRIP1, CHEK2, FANCA, HDAC2, 
and PALB2. Patients were considered DRD-positive if they 
had an alteration with known patho genic consequences 
including homozygous deletions; rearrangements; and 
nonsense, missense, frame-shift, and splice-site mutations. 
After the assay was developed to distinguish between 
biallelic and monoallelic DRD, patients who had been 
enrolled with monoallelic or non-pathogenic DRD were 
excluded from the final analysis according to an approved 
protocol amendment (amendment 3; October, 2017). As 
such, only patients with germline pathogenic or biallelic 
pathogenic alter ations in BRCA1 or BRCA2 (BRCA cohort) 
or other prespecified non-BRCA genes (non-BRCA cohort) 
were included in the final analysis. Additional details on 
testing methods are available in the appendix (p 4).

All patients received niraparib 300 mg orally in the 
form of 100 mg capsules (Quotient Sciences, Boothwyn, 
PA, USA) starting on day 1 of cycle 1 (once daily dosing, 
with a cycle defined as 28 days) until treatment 
discontinuation due to disease progression, unacceptable 
toxicity or adverse events, diagnosis of myelodysplastic 
syndrome or acute myeloid leukaemia, investigator 
decision in the best interest of the patient, patient 

withdrawal of consent, death, or study termination. 
Monitoring for the need of dose adjustments or 
interruptions (eg, with laboratory measurements) was at 
the discretion of the investigator, based on the severity of 
the adverse events experienced. Patients who were not 
surgically castrated continued regularly prescribed 
gonadotropin-releasing hormone analogue.

During the treatment phase, study visits occurred weekly 
for the first month, biweekly for the second month, and 
monthly thereafter. CT or MRI and ⁹⁹mtechnetium bone 
scans were performed during screening, every 8 weeks for 
24 weeks, and then every 12 weeks thereafter. Circulating 
tumour cell (CTC) counts were assessed at every cycle until 
cycle 7 and then at the end-of-treatment visit. PSA 
assessments were done every 4 weeks until cycle 7 and 
then every three cycles thereafter.

The follow-up phase began after completion of the 
treatment phase. If a patient discontinued treatment 
without radiographic progression, imaging was done every 
12 weeks (or within 2 weeks before or after this timepoint) 
until radiographic progression was docu mented. The long-
term extension phase began after completion of the 
primary analysis, at which point patients could elect to 
discontinue treatment or continue niraparib until disease 
progression. Throughout the study, adverse events were 
evaluated and graded using the National Cancer Institute 
Common Terminology Criteria for Adverse Events 
(version 4.03 or later). Safety evaluations included 
incidence, severity, and types of adverse events, as well as 
deaths. Adverse events were classified as treatment-
emergent adverse events if they were reported on or after 
the date of first dose until 30 days (inclusive) after the last 
dose of study drug. Drug-related adverse events were 
determined by investigators if they were considered related 
to the study drug. Appropriate supportive measures to 
address adverse events could be administered at the 
discretion of investigators per institutional standards of 
care. A full schedule of study assessments and procedures 
is available in the protocol in the appendix.

Outcomes
The primary endpoint was investigator-assessed objective 
response rate (defined as the proportion of patients with 
a confirmed partial response or complete response as 
defined by RECIST version 1.1,19 according to the sum of 
target tumour lesion diameters, with no evidence of bone 
progression on bone scan per PCWG3 criteria20) in 
patients with BRCA alterations and measurable disease 
(the measurable BRCA cohort). The primary endpoint 
was amended early on in this study (amendment 2; 
January, 2017) from a composite response endpoint to 
objective response rate to comply with feedback from 
health authorities, and hence the primary efficacy 
analysis included only these participants with measurable 
disease; additional details regarding this amendment are 
available in the study protocol in the appendix. Patients 
with non-measurable disease were still included in the 
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study to increase the size of the safety population and to 
assess the activity of niraparib in this population.

Secondary efficacy endpoints were objective response 
rate in patients with non-BRCA alterations (ATM, BRIP1, 
CHEK2, FANCA, HDAC2, and PALB2) and measurable 
disease; CTC response (CTC0) defined as CTC=0 per 
7·5 mL blood at 8 weeks post-baseline in patients with 
CTC count greater than 0 (1 or more) at baseline;22,23 
overall survival (time from enrolment to death from 
any cause); radiographic progression-free survival (time 
from enrol ment to radio graphic progression or death 
from any cause, whichever occurred first); time from 
enrolment to radiographic progression; time to PSA 
progression (defined as time from enrolment to first date 
of docu mented PSA progression based on PCWG3 
criteria); time to symptomatic skeletal event (defined as 
time from enrolment to tumour-related spinal cord 
compression, radiotherapy to bone to relieve skeletal 
symptoms, surgery to bone or need for tumour-related 
orthopaedic surgical intervention, or symptomatic or 
pathological fracture); duration of objective response 
(defined as time from complete response or partial 
response to radiographic progression of disease, 
unequivocal clinical progression, or death, whichever 
occurred first); and safety. With the exception of objective 
response rate in patients with non-BRCA alterations and 
measurable disease, all secondary endpoints were 
assessed in both the BRCA and non-BRCA populations.

Prespecified exploratory endpoints included the 
composite response rate, defined as either an objective 
response for patients with measurable disease, CTC 
conversion (defined as CTC count ≥5 per 7·5 mL blood at 
baseline and <5 per 7·5 mL blood post-therapy nadir), or 
at least a 50% decline in PSA (PSA50). Both CTC 
conversion and PSA50 were also assessed separately as 
prespecified exploratory analyses.

Statistical analysis
Statistical analysis followed Simon’s two-stage design 
for phase 2, single-arm clinical trials.24 Specifically for 
the non-BRCA cohort, a futility analysis for objective 
response rate based on this design was implemented, in 
which Simon’s stage 1 was assessed after approximately 
14 patients with measurable disease were evaluated for 
objective response rate with at least one post-treatment 
scan and a confir matory scan; enrolment was to be 
terminated for this cohort if two or fewer responses were 
observed in the first stage. Otherwise, enrolment was 
specified to proceed to the second stage with a total of 
45 patients enrolled for the two stages combined, and the 
null hypothesis was to be rejected if ten or more responses 
were observed. For the primary endpoint, the null 
hypothesis of an objective response rate of 15% or less was 
tested against the alternate hypothesis of an objective 
response rate of 32% or higher. With approxi mately 
120 patients with biomarker-positive measurable disease 
(75 BRCA and 45 non-BRCA) planned for enrolment, the 

study had more than 90% power to show that the lower 
limit of the 95% CI for the primary endpoint of objective 
response rate exceeded 15% in the measurable BRCA 
cohort. Activity of niraparib was to be declared if the lower 
bound of the two-sided 95% exact CI for objective response 
rate was higher than 15% in this cohort. For the secondary 
endpoint of objective response rate in patients with non-
BRCA alterations, the null hypothesis of an objective 
response rate of 15% or less was tested against the 
alternate hypothesis of an objective response rate of 32% 
or higher, with a one-sided α of 0·05 and power of 80%.

Objective response in soft tissue disease was evaluated 
in both BRCA and non-BRCA patients with measurable 
disease within the efficacy analysis population of patients 
who fulfilled the final biomarker assay criteria for this 
study; however, as prespecified, the primary endpoint was 
specifically evaluated in the cohort of BRCA patients with 
measurable disease, and the final primary endpoint 
analysis was planned for approxi mately 6 months after the 
last patient with measurable disease in the BRCA cohort 
was enrolled. For analysis of objective response rate, 
patients who discontinued treatment before any efficacy 
assessments were considered non-responders; patients 
with no imaging available for a particular study visit were 
considered not evaluable for that visit, and patients 
without valid baseline data were considered not evaluable. 
Anti-tumour activity, such as PSA response, CTC con-
version or response, and composite response rate, was 
analysed separately for the BRCA and non-BRCA cohorts, 
with corresponding criteria for identification of non-
responders and non-evaluable patients based on 
discontinuation or availability of laboratory measurements. 
Response rates were calculated along with exact two-sided 
95% CIs. Time-to-event endpoints were summarised by 
Kaplan-Meier curves with median times and 95% CIs, as 
well as descriptive event-free rates analysed as prespecified. 
Analyses of additional study outcomes, such as the 
prespecified calculation of treatment compliance in the 
form of relative dose intensity, are described in further 
detail in the appendix (p 4). 

Post-hoc analyses included objective response rate by 
baseline characteristics of interest (such as in subgroups of 
patients with visceral disease at baseline, patients who 
experienced stable disease for more than 6 months, or 
patients with three or more previous lines of therapy), 
specific evaluation of stable disease (defined as neither 
sufficient decrease in target lesions to qualify for partial 
response, nor sufficient increase to qualify for progressive 
disease, with respect to smallest sum of target lesion 
diameters while on study), and biomarker analyses for 
non-DRD alterations of interest (AR and TP53 alteration) 
were also done using the available data. For the post-hoc 
analysis of patients with AR and TP53 alterations, 
differences in objective response rates were assessed using 
Pearson’s χ² test and p values were adjusted using 
false discovery rate correction for multiple testing 
(Benjamini-Hochberg procedure).



Articles

366 www.thelancet.com/oncology   Vol 23   March 2022

Safety and treatment compliance were analysed in the 
safety analysis population (ie, all patients who received at 
least one dose of the study drug). Adverse events and 
serious adverse events were reported and summarised. 
Sensitivity analyses with censoring rules were done if 
warranted. Additional details from the statistical analysis 
plan are available in the appendix. Statistical analyses 
were performed using SAS (version 15.1).

This study is registered with ClinicalTrials.gov, 
NCT02854436, and with the European Clinical Trials 
database, EudraCT 2016-002057-38).

Role of the funding source
The sponsor and employees of the sponsor of this study 
participated in the study design, data collection, data 
analysis, and data interpretation, with writing and 

editorial assistance also funded by the sponsor. All 
authors participated in the writing process and provided 
critical input.

Results
385 patients were screened for this study; of these, 
289 (75%) patients were enrolled between Sept 28, 2016, 
and June 26, 2020. All 289 patients were included in the 
safety analysis population, and 223 (77%) of 289 patients 
were included in the efficacy analysis population, based 
on DRD eligibility from the validated biomarker assay 
(142 with BRCA alterations [139 biallelic, three monoallelic 
germline pathogenic] and 81 with biallelic non-BRCA 
alterations; figure 1). 66 (23%) of 289 patients with 
monoallelic or non-pathogenic DRD from the safety 
analysis were not included in the final efficacy analysis. 
Additional information on the prescreening results is 
available in the appendix (p 5). For patients with 
measurable disease, 76 with BRCA alterations (primary 
efficacy population) and 47 with non-BRCA alterations 
were enrolled, which fulfilled the numbers required per 
study sample size estimation for evaluation of objective 
response rate. The types and frequencies of genotypes 
observed in the efficacy analysis are reported in the 
appendix (p 10).

Based on the Simon’s two-stage design, enrolment 
proceeded through both stages to fulfill the estimated 
sample size requirements. At the clinical cutoff date of 
Jan 26, 2021, 271 (94%) of 289 patients had discontinued 
treatment, with reasons summarised in the appendix 
(p 11). Seven (9%) of 76 patients in the primary efficacy 
cohort (patients with BRCA alterations and measurable 
disease) discontinued therapy before their first study 
evaluation due to progressive disease (n=4), urosepsis 
leading to death (n=1), or withdrawal of consent (n=1 due 
to fear of COVID-19; n=1 received radium-223 due to 
bone disease burden). The median treatment duration 
was 6·5 months (IQR 3·3–9·4) in the BRCA cohort and 
3·6 months (1·8–5·6) in the non-BRCA cohort. Dose 
adjust ments and interruptions are summarised in the 
appendix (p 12), with most treatment dose reductions 
occurring due to an adverse event.

Patients were heavily pretreated and showed advanced 
disease in both the BRCA and non-BRCA populations 
(table 1). Nearly all patients had bone metastases and, in 
the primary efficacy population (the measurable BRCA 
cohort), a notable proportion of patients had visceral 
disease, including liver and lung metastases, as well as 
many patients having nodal disease.

At baseline, 182 (63%) of 289 patients in the safety 
analysis population had received at least three previous 
systemic therapies for metastatic prostate cancer; 94 (33%) 
had received two previous androgen signalling inhibitor 
therapies, and 107 (37%) had received two previous taxane-
based chemotherapies. The demo graphics and baseline 
characteristics of the safety analysis population are 
presented in the appendix (p 13). The final activity results 

4292 patients prescreened

3907 patients did not proceed past prescreening

385 patients with DRDs screened

96 patients did not proceed past screening

289 patients enrolled (safety analysis population)

66 patients not included  due to biomarker assay:
 monoallelic or non-pathogenic mutations

223 patients allocated to cohorts per biomarker assay
 (efficacy analysis population)

124 patients discontinued  treatment
 102 progressive disease
 11 adverse event
 6 withdrawal by patient
 1 death
 2 physician decision
 2 other

142 patients in BRCA cohort
 76 measurable disease (primary efficacy 
  analysis population)
 66 non-measurable disease

18 treatment ongoing

81 patients discontinued  treatment
 59 progressive disease
 14 adverse event
 2 withdrawal by patient
 4 deaths
 1 physician decision
 1 other

81 patients in non-BRCA cohort
 47 measurable disease
 34 non-measurable  disease

0 treatment ongoing

223 patients analysed (overall efficacy analysis population) 

Figure 1: Trial profile
DRD=DNA repair gene defect.
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for the overall BRCA cohort (with a median follow-up of 
10·1 months [IQR 7·5–13·4]) are shown in tables 2 and 3 
and the appendix (pp 6, 7, 14).

The primary endpoint, objective response rate per 
protocol in the measurable BRCA cohort, was met in 
26 of 76 patients (34·2%, 95% CI 23·7–46·0; table 2) with 
a median follow-up of 10·0 months (IQR 6·6–13·3). Of 
the 76 patients in the measurable BRCA cohort, 35 (46%) 
had at least a 30% decrease of maximum change from 
baseline in the sum of longest target lesion diameters 
relative to baseline (appendix p 6). Median duration of 
objective response was 5·55 months (95% CI 3·91–7·20; 
table 3); eight (31%) of 26 responses were ongoing at the 
time of data cutoff.

Figure 2 and table 3 present radiographic progression-
free survival, with 87 (61%) events at the time of data cutoff, 
and overall survival, with 88 (62%) events in the overall 
BRCA cohort. 12-month event-free survival in the overall 
BRCA cohort was 56·4% (95% CI 47·2–64·6), and 
24-month event-free survival was 15·2% (7·7–25·1). 
Approximately a quarter of patients reached CTC0 (table 3). 
85 (60%) of 142 patients in the BRCA cohort and 42 (55%) 
of 76 patients in the measurable BRCA cohort experienced 
PSA progression, and 46 (32%) of 142 patients and 
23 (30%) of 76 patients had a documented symptomatic 
skeletal event in these cohorts, respectively.

The exploratory endpoint of composite response rate in 
the overall BRCA cohort is also presented in table 3. More 
than 40% of patients in the overall BRCA cohort had PSA50 
and CTC conversion (also exploratory), and approximately 
two thirds of evaluable patients experienced a decrease in 
PSA levels from baseline (table 3; appendix p 7). Similar 
outcomes in composite response rate were obtained in the 
BRCA cohort for patients with measurable and non-
measurable disease (appendix p 14).

Of note, two patients (both with biallelic alterations) in 
the measurable BRCA cohort had a complete response. 
One patient with visceral (adrenal) and nodal disease 
at baseline maintained the complete response for 
9·7 months, and a second patient with nodal disease at 
baseline experienced a complete response that persisted 
for 9·5 months based on imaging, despite having received 
only 2·1 months of treatment that was discontinued due 
to an adverse event of anaemia (grade 3). In a post-hoc 
analysis, of the 30 patients in the measurable BRCA 
cohort who had visceral disease at baseline, 11 (37%) had 
an objective response. Furthermore, a post-hoc analysis of 
the 20 patients who experienced stable disease for more 
than 6 months in this study showed that 14 (70%) were in 
the BRCA cohort. 16 (21%) of the 76 patients in the 
measurable BRCA cohort continued treatment after 
radiographic progression with no unequivocal clinical 
progression because they were considered to still be 
benefiting from therapy.

For the measurable non-BRCA cohort (n=47; median 
follow-up of 8·6 months [IQR 4·8–14·0]), objective 
response rate per protocol and median duration of 

response (none of which are ongoing) are shown in 
table 2. An objective response was recorded in five of 
47 patients (10·6%; 95% CI 3·5–23·1) in this cohort.

The corresponding maximum changes in the sum of 
target tumour lesion diameters from baseline in the 

BRCA cohort 
(n=142)

Measurable BRCA 
cohort (n=76)

Non-BRCA 
cohort (n=81)

Measurable 
non-BRCA 
cohort (n=47)

Age, years 67·0 
(63·0–73·0)

66·0 
(62·0–73·0)

70·0 
(66·0–75·0)

71·0 
(59·0–86·0)

Bodyweight, kg 82·7 (15·5) 80·5 (13·4) 79·9 (16·1) 77·6 (13·0)

Race

White 101 (71%) 57 (75%) 54 (67%) 33 (70%)

Asian 9 (6%) 6 (8%) 6 (7%) 3 (6%)

Black or African American 5 (4%) 3 (4%) 0 0

Other 3 (2%) 0 2 (2%) 0

Multiple 1 (1%) 0 2 (2%) 1 (2%)

Not reported 11 (8%) 5 (7%) 8 (10%) 4 (9%)

Unknown 12 (8%) 5 (7%) 9 (11%) 6 (13%)

PSA at baseline, ng/mL 141·5 
(41·0–512·4)

197·0 
(40·1–653·9)

161·7 
(43·7–611·1)

196·0 
(43·7–662·3)

Patients with alterations in a single gene*

BRCA1 4 (3%) 3 (4%) ·· ··

BRCA2 127 (89%) 69 (91%) ·· ··

ATM ·· ·· 37 (46%) 21 (45%)

BRIP1 ·· ·· 1 (1%) 1 (2%)

CHEK2 ·· ·· 5 (6%) 2 (4%)

FANCA ·· ·· 18 (22%) 10 (21%)

HDAC2 ·· ·· 8 (10%) 5 (11%)

PALB2 ·· ·· 0 0

ECOG performance status score

0 48 (34%) 25 (33%) 18 (22%) 9 (19%)

1 78 (55%) 44 (58%) 47 (58%) 27 (57%)

2 16 (11%) 7 (9%) 16 (20%) 11 (23%)

Extent of disease progression at study entry

Bone 127 (89%) 61 (80%) 79 (98%) 45 (96%)

Visceral 33 (23%) 30 (39%) 20 (25%) 16 (34%)

Liver 24 (17%) 23 (30%) 13 (16%) 12 (26%)

Lung 15 (11%) 13 (17%) 10 (12%) 7 (15%)

Lymph node 79 (56%) 67 (88%) 39 (48%) 33 (70%)

Soft tissue 22 (15%) 21 (28%) 16 (20%) 15 (32%)

Disease status

Measurable 76 (54%) 76 (100%) 47 (58%) 47 (100%)

Non-measurable 66 (46%) 0 34 (42%) 0

Gleason score at diagnosis

<8 39/135 (29%) 20/73 (27%) 26/77 (34%) 15/43 (35%)

≥8 96/135 (71%) 53/73 (73%) 51/77 (66%) 28/43 (65%)

Previous therapies for prostate cancer†

Two 59 (42%) 29 (38%) 22 (27%) 10 (21%)

Three 54 (38%) 31 (41%) 31 (38%) 18 (38%)

Four 21 (15%) 12 (16%) 19 (23%) 12 (26%)

Five 7 (5%) 3 (4%) 9 (11%) 7 (15%)

Six 1 (1%) 1 (1%) 0 0

(Table 1 continues on next page)
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overall non-BRCA cohort (n=81) are presented in the 
appendix (p 6).

Figure 2 and table 3 also present radiographic 
progression-free survival in the non-BRCA cohort, with 
57 (70%) events at the time of data cutoff, and overall 
survival, with 65 (80%) events. 12-month event-free 
survival was 41·3% (95% CI 30·0–52·2), and 24-month 
event-free survival was 11·1% (4·4–21·2). Fewer than 
10% of patients reached CTC0 in this cohort; 39 (48%) of 
81 patients had PSA progression, and 19 (23%) of 
81 patients had a documented symptomatic skeletal event.

The exploratory endpoint of composite response rate 
in the non-BRCA cohort is also presented in table 3, 
and the maximum change in PSA from baseline is 
presented in the appendix (p 7). Response by either 
PSA50 or CTC conversion (also exploratory) among non-
BRCA patients with non-measurable disease is provided 
in the appendix (p 14).

In post-hoc analyses of the non-BRCA cohort, two (13%) 
of 16 patients with visceral disease and four (80%) of 
five patients who had received three or more lines 
of therapy experienced an objective response in the 

non-BRCA cohort; six patients in this cohort experienced 
stable disease for more than 6 months. 15 (32%) of 
47 patients continued treatment after radiographic 
progression with no unequivocal clinical progression.

Of note, 11 (8%) of 142 patients in the BRCA cohort and 
seven (9%) of 81 patients in the non-BRCA cohort had co-
expression of two or more eligible DRD biomarkers. 
Moreover, in addition to being DRD-positive, 162 (74%) of 
220 patients with available plasma DNA results had 
alterations in the AR gene and 49 (22%) of 220 had 
alterations in TP53, of whom 42 (19%) had both TP53 and 
AR alterations. These additional alterations in plasma 
DNA were similarly distributed between the BRCA and 
non-BRCA cohorts, and no substantial difference in 
objective response rate was observed in subgroups of 
patients with or without co-occurring alterations 
(appendix pp 15–16).

Safety results are summarised in table 4 and the 
appendix (pp 17–25, 28–30). Almost all patients in the 
safety population experienced at least one treatment-
emergent adverse event. The most common adverse 
events (of any grade) were nausea (169 [58%] of 289), 
anaemia (156 [54%]), and vomiting (111 [38%]). Of the 
grade 3 or worse treatment-emergent adverse events 
reported in 217 (75%) of 289 patients, most were 
haematological, with both the most common grade 3 or 
worse adverse events overall and grade 3 or worse 
adverse events of special interest being anaemia 
(95 [33%] of 289), thrombocytopenia (47 [16%]), and 
neutropenia (28 [10%]). These events were manageable 
with one or more of: treatment interruptions, dose 
reductions, or supportive measures such as blood 
transfusions. One patient experienced neutropenic 
sepsis. The most common non-haematological 
grade 3–4 treatment-emergent adverse events were 
fatigue and nausea. 134 (46%) of 289 patients had at 
least one serious treatment-emergent adverse event, 
with haematological events being the most common 
(17 [6%] of 289 with thrombocytopenia and 13 [4%] 
of 289 with anaemia; appendix pp 21–23). Similarly, of 
43 (15%) of 289 patients with drug-related serious 
treatment-emergent adverse events, the most common 
were thrombocytopenia (four [3%] of 142 in the BRCA 
cohort and seven [9%] of 81 in the non-BRCA cohort) 
and anaemia (three [2%] of 142 in the BRCA cohort and 
three [4%] of 81 in the non-BRCA cohort; appendix 
p 24). The most common adverse events overall by 
BRCA and non-BRCA cohorts are also summarised in 
the appendix (p 20).

Estimated relative dose intensities are presented in 
the appendix (pp 26–27), including a breakdown of 
relative dose intensities in responders versus non-
responders in the primary efficacy analysis population 
(appendix p 26). In the safety population, 128 (44%) of 
289 patients had an adverse event leading to a dose 
reduction; consistent with the aforementioned findings, 
87 (68%) of 128 patients had haematological events 

BRCA cohort 
(n=142)

Measurable BRCA 
cohort (n=76)

Non-BRCA 
cohort (n=81)

Measurable 
non-BRCA 
cohort (n=47)

(Continued from previous page)

Previous androgen signalling inhibitor therapies

One 97 (68%) 51 (67%) 45 (56%) 23 (49%)

Two 44 (31%) 25 (33%) 31 (38%) 21 (45%)

Three 1 (1%) 0 5 (6%) 3 (6%)

Previous taxane-based chemotherapies

One 100 (70%) 51 (67%) 41 (51%) 21 (45%)

Two 42 (30%) 25 (33%) 40 (49%) 26 (55%)

Data are reported as median (IQR), mean (SD), n (%), or n/N (%). The measurable BRCA cohort (n=76) is the primary 
efficacy population and the BRCA and non-BRCA cohorts combined (n=223) is the overall efficacy analysis population. 
PSA=prostate-specific antigen. ECOG=Eastern Cooperative Oncology Group. *All patients with PALB2 had co-occurring 
alterations and are thus not listed here; patient numbers and percentages might not add up to 100% because some 
patients had more than one gene alteration and are thus not listed here. †Number of androgen signalling inhibitors, 
taxane-based chemotherapies, cytotoxic chemotherapies, and other therapies received; specifically, previous therapies 
could include taxane-based chemotherapy for metastatic prostate cancer with evidence of disease progression, or 
next-generation androgen signalling inhibitor therapy for either metastatic prostate cancer with evidence of disease 
progression or non-metastatic castration-resistant prostate cancer with evidence of subsequent metastasis.

Table 1: Baseline characteristics of patients in the overall efficacy analysis population

Measurable BRCA 
cohort* (n=76)

Measurable 
non-BRCA cohort† 
(n=47)

Objective response rate 26 (34·2%; 23·7–46·0) 5 (10·6%; 3·5–23·1)

Complete response 2 (3%) 0

Partial response 24 (32%) 5 (11%)

Data are n (%; 95% CI) or n (%). *Primary efficacy analysis cohort. †Objective 
response rate in measurable non-BRCA patients was a secondary efficacy 
endpoint.

Table 2: Objective response rates
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(appendix p 28), which were manageable with one or 
more of the following: dose reductions, interruptions, 
or appropriate supportive measures (admin  istered at 
the discretion of investigators per institutional 
standards of care). Among patients evaluated for anti-
tumour activity, 70 (95%) of 74 patients with dose 
reductions in the BRCA cohort and 37 (93%) of 
40 patients with dose reductions in the non-BRCA 
cohort had dose reductions due to adverse events versus 
other reasons; 103 (46%) of 223 patients received at 
least one transfusion (platelets or packed red blood 
cells), and the incidence of transfusions was similar 
between the BRCA and non-BRCA cohorts (data not 
shown). Other supportive measures included colony-
stimulating factors, which were administered to 12 (4%) 
of 289 patients, and erythropoietin, which was admin-
istered to 15 (5%) of 289 patients. 37 (13%) of 
289 patients were deemed to have discontinued treat-
ment due to drug-related toxicities (treatment-emergent 
adverse events deemed related to study drug). The most 
common drug-related toxicities leading to discon-
tinuation were thrombocytopenia (in seven patients 
with BRCA alterations and three patients with non-
BRCA alterations) and anaemia (in six patients with 
BRCA alterations and one patient with non-BRCA 
alteration; appendix p 25).

Adverse events leading to death are summarised in 
the appendix (p 29). Of the 16 deaths related to adverse 
events, two events (one patient with urosepsis in the 
BRCA cohort and one patient with sepsis in the non-
BRCA cohort) were deemed possibly related to niraparib 
treatment. 208 (72%) of 289 patients died during the 
study; reasons for deaths are summarised in the 
appendix (p 30). The only sensitivity analysis warranted 
was for COVID-19, but there was only one patient with 
a COVID-19-related adverse event (non-serious) and 
one death due to COVID-19 in this study (appendix 
p 30).

BRCA cohort (n=142) Measurable BRCA cohort (n=76) Non-BRCA cohort (n=81)

CTC response*, n/N (%) 31/131 (24%) 18/71 (25%) 6/71 (8%)

Overall survival, months 13·01 (11·04–14·29) 10·87 (9·49–13·77) 9·63 (8·05–13·44)

Radiographic progression-free survival, months 8·08 (5·55–8·38) 5·52 (5·29–7·59) 3·71 (1·97–5·49)

Time to radiographic progression, months 8·08 (5·75–8·97) 5·55 (5·36–8·08) 3·78 (2·00–5·55)

Time to PSA progression, months 5·13 (4·60–5·59) 5·55 (4·60–8·31) 3·65 (2·83–3·71)

Time to symptomatic skeletal event, months 13·80 (10·41–NE) 13·80 (9·07–NE) 10·35 (8·18–NE)

Duration of objective response, months 6·28 (3·65–9·23) 5·55 (3·91–7·20) 5·16 (2·14–NE)

Composite response rate†, n/N (%; 95% CI) 82/142 (58%; 49·2–66·0) 46/76 (61%; 48·7–71·6) 12/81 (15%; 7·9–24·5)

CTC conversion‡, n/N (%; 95% CI) 55/117 (47%; 37·7–56·5) 28/64 (44%; 31·4–56·7) 9/60 (15%; 7·1–26·6)

PSA50, n/N (%; 95% CI) 61/142 (43%; 34·7–51·5) 31/76 (41%; 29·7–52·7) 4/81 (5%; 1·4–12·2)

Data are median (95% CI) unless otherwise indicated. CTC=circulating tumour cell. PSA=prostate-specific antigen. NE=not estimable. PSA50=at least 50% decline in prostate-
specific antigen. *Defined per protocol and statistical analysis plan as CTC=0 per 7·5 mL blood at 8 weeks post-baseline in patients with baseline CTC count >0. †Defined as an 
objective response for patients with measurable disease, CTC conversion (defined as CTC count ≥5 per 7·5 mL blood at baseline and <5 per 7·5 mL blood post-therapy nadir), 
or PSA50. ‡Among patients with baseline CTC count ≥5.

Table 3: Secondary and exploratory efficacy endpoints

Number at risk
(number censored)

BRCA
Non-BRCA

0 4 8 12 16 20 24

142 (0)
81 (0)

91 (19)
27 (15)

49 (33)
10 (21)

9 (51)
0 (24)

2 (54)
0 (24)

1 (54)
0 (24)

0 (55)
0 (24)
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Figure 2: Radiographic progression-free survival (A) and overall survival (B) in the BRCA and non-BRCA cohorts
Symbols represent censored patients.
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Discussion
The results of this multicentre, open-label, phase 2 study 
establish the anti-tumour activity of niraparib in patients 
with metastatic castration-resistant prostate cancer and 
DRDs who have progressed on both androgen signalling 
inhibitors and taxanes. Treatment with niraparib was 
manageable, and adverse events observed were consistent 
with the known safety profile of niraparib, with no new 
safety signals.

The activity of niraparib in the measurable BRCA 
cohort is notable given the heavily pretreated, end-stage 
patient population with few therapeutic options. These 
findings are especially remarkable considering the high 
percentage of patients with visceral metastasis, in 
particular to the liver, which is strongly associated with 
poor survival;25 the high percentage of patients with 
three or more lines of previous therapy; and that some 
patients in the BRCA cohort even achieved a complete 
response. Further evidence of benefit was shown by the 
proportion of patients experiencing stabilisation of 
disease for more than 6 months in both the BRCA and 
non-BRCA cohorts, which is a clinically meaningful 
finding given this heavily pretreated advanced disease 
state. Also notable was that patients in both cohorts, some 
with multiple poor prognostic features, continued to 
derive clinical benefit from niraparib after radiographic 
progression (in line with the importance of considering 
the totality of a patient’s disease before discontinuing a 

drug rather than strictly at the first evidence of progression 
in any site, as recommended by PCWG321). Objective 
response rate, median radio graphic progression-free 
survival and overall survival, and com posite response rate 
were greater in the BRCA cohort than in the non-BRCA 
cohort, including a median radiographic progression-free 
survival time that was approximately double that in the 
non-BRCA cohort. Interestingly, our exploratory endpoint 
of composite response rate was largely similar between 
the subgroups of patients with measurable versus non-
measurable disease in both cohorts (particularly in the 
BRCA cohort). Taken together, these results extend the 
evidence on the activity of PARP inhibitors in patients 
with metastatic castration-resistant prostate cancer and 
DRD-altered tumours whose disease has progressed on 
approved life-prolonging therapies, and also highlight the 
importance of biological profiling of an individual 
patient’s disease in metastatic castration-resistant 
prostate cancer.8,21 Of note, to our knowledge, this trial is 
the first to prospectively test the CTC0 endpoint, which 
has been shown to strongly associate with survival.22

The dose of niraparib used in this study (300 mg oral; 
once daily dosing) was chosen based on the previously 
evaluated pharmacokinetics, clinical activity, and safety 
profile of niraparib and is the approved dose for patients 
with ovarian cancer.17,26 As expected, grade 3 or worse 
treatment-emergent adverse events were largely haema-
tological and manageable with supportive measures 
(such as blood transfusions and growth factor treat ment), 
dose interruptions, and dose reductions. Rates of 
treatment interruptions and reductions were higher than 
the previously reported rates for other PARP inhibitors.9–13 
This finding is consistent with the more advanced disease 
stage of patients in the GALAHAD trial, who had all 
progressed on androgen signalling inhibitor therapy and 
taxane chemotherapy and also tended to be on later lines 
of therapy, with the majority having received three or 
more lines of previous therapy. Moreover, the present 
study applied more stringent dose interruption criteria 
(for example, skipping a dose was also considered a dose 
interruption). Thus, the finding that at least half of the 
patients in both the BRCA and non-BRCA cohorts 
maintained the full dose (300 mg) of niraparib throughout 
the study supports the overall tolerability of this regimen. 
Relative dose intensity was also generally high, including 
in the primary efficacy cohort, and was higher for those 
who had an objective response in that cohort compared 
with those who did not.

The clinical activity of niraparib shown in this study’s 
specific patient population (noting particular activity 
observed in the BRCA cohort) can be further contextualised 
by results of studies of other PARP inhibitors that point to 
a benefit for both minimally and heavily pretreated patients 
with metastatic castration-resistant prostate cancer and 
particular DRD alterations. Of note, in the phase 3 
PROfound study that evaluated patients treated with the 
PARP inhibitor olaparib versus those treated with the 

Grade 1–2 Grade 3 Grade 4 Grade 5

Nausea 154 (53%) 15 (5%) 0 0

Vomiting 101 (35%) 10 (3%) 0 0

Constipation 95 (33%) 5 (2%) 1 (<1%) 0

Fatigue 87 (30%) 19 (7%) 0 0

Decreased appetite 85 (29%) 8 (3%) 0 0

Anaemia 61 (21%) 92 (32%) 2 (1%) 1 (<1%)

Thrombocytopenia 52 (18%) 24 (8%) 23 (8%) 0

Back pain 51 (18%) 13 (4%) 0 0

Arthralgia 38 (13%) 6 (2%) 0 0

Asthenia 37 (13%) 11 (4%) 0 0

Neutropenia 27 (9%) 17 (6%) 11 (4%) 0

Bone pain 23 (8%) 9 (3%) 0 0

Hypertension 22 (8%) 12 (4%) 0 0

Blood alkaline phosphatase increased 15 (5%) 11 (4%) 0 0

Stomatitis 15 (5%) 6 (2%) 0 0

Leukopenia 14 (5%) 11 (4%) 3 (1%) 0

γ-glutamyl transferase increased 13 (4%) 11 (4%) 1 (<1%) 0

Lymphopenia 11 (4%) 12 (4%) 1 (<1%) 0

Hypophosphataemia 7 (2%) 6 (2%) 1 (<1%) 0

Spinal cord compression 1 (<1%) 7 (2%) 0 0

General physical health deterioration 1 (<1%) 7 (2%) 1 (<1%) 4 (1%)

Data are shown as n (%). A total of 288 patients had one or more recorded treatment-emergent adverse events. Data 
are presented for grade 1–2 treatment-emergent adverse events with a combined incidence of ≥20% or any higher-
grade (grade 3–5) treatment-emergent adverse events with an incidence of ≥2%.

Table 4: Treatment-emergent adverse events in the safety analysis set (n=289)
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physician’s choice of an androgen signalling inhibitor, 
olaparib treatment resulted in a median radiographic 
progression-free survival of 7·4 months versus 3·6 months 
(hazard ratio 0·34, 95% CI 0·25–0·47; p<0·001), median 
overall survival of 19·1 months versus 14·7 months (0·69, 
0·50–0·97; p=0·02 at final analysis), and confirmed 
objective response rate of 33% (28 of 84) versus 2% 
(one of 43; odds ratio 20·86, 95% CI 4·18–379·18; p<0·001) 
compared with the control treatment in a cohort of patients 
with alterations in BRCA1, BRCA2, or ATM.10,11 Rucaparib, 
which was investigated in the phase 2 TRITON-2 study, led 
to an objective response rate of 47·5% and a median time 
to PSA progression of 6·5 months, with a better response 
seen in patients with BRCA alterations compared with 
those with alterations in other genes such ATM or 
CDK12.12,13 In the phase 2 TALAPRO-1 study, patients with 
certain gene alterations reported to sensitise to PARP 
inhibitors were enrolled and treated with talazoparib. The 
objective response rate was 29·8% (31 of 104; 95% CI 
21·2–39·6) with talazoparib treatment after a median 
follow-up of 16·4 months.9

The limitations of the present study include that some 
patients developed progressive disease before completing 
their first disease evaluation, consistent with the advanced 
stage and aggressiveness of the disease in the enrolled 
population. Additionally, tissue-based assays rely on 
sufficient high-quality biopsy samples, which might be 
difficult to obtain, and further challenges ensue when 
archival samples are found to be unsuitable or unavailable 
for analysis. In this study, a commercially available tissue-
based assay was initially used to select patients, but due to 
the aforementioned challenges, a blood-based assay was 
subsequently implemented, with early prescreening rates 
and biomarker logic finalisation then addressed during a 
brief study pause. As such, a notable number of patients 
in GALAHAD were prescreened using blood-based assay. 
Such assays could offer valuable data, especially for 
metastatic prostate cancer for which tumour biopsies are 
challenging to acquire and biopsies are largely limited to 
bone that has considerable issues with the quality of 
materials. However, liquid biopsies also have limitations. 
Given the lack of parallel next-generation sequencing of 
corresponding white blood cells in this study, clonal 
haematopoietic alterations of indeterminate potential 
could have presented as a biological confounding factor.27 
Additionally, blood-based assays might show false negative 
results in blood samples with low plasma circulating 
tumour DNA content, especially for mutations that are 
difficult to detect such as homozygous deletions. 
Conversely, circulating tumour DNA assays could select 
for patients with higher percentages of circulating tumour 
DNA, which was previously found to be a predictive factor 
for a poorer prognosis.28 Nevertheless, the number of 
patients enrolled for efficacy evaluation in GALAHAD 
(n=223 with specifically germline pathogenic or biallelic 
DRD alterations, of a total of 4218 with any biomarker 
sample submitted) represents an incidence of DRD 

alterations that is within expectations. Finally, 22% of the 
GALAHAD study population had TP53 alterations, which 
are also associated with overall poor prognosis.

Additional studies, including those designed to evaluate 
niraparib-based regimens in appropriate biomarker-
identified populations at earlier stages of disease, are 
underway to expand on the present findings. The phase 3 
MAGNITUDE study is evaluating niraparib in combi-
nation with abiraterone acetate plus prednisone as first-
line therapy in patients with metastatic castration-resistant 
disease with or without DRD.29 The phase 3 AMPLITUDE 
study will also evaluate niraparib in combination with 
abiraterone acetate plus prednisone in a biomarker-
selected population with metastatic castration-sensitive 
disease.30

In conclusion, these results suggest that niraparib has 
promising clinical activity with a manageable safety profile 
when administered as a monotherapy for treatment-
refractory metastatic castration-resistant prostate cancer 
with BRCA alterations or select non-BRCA alterations. 
Such findings underscore the need for and importance of 
molecular testing to inform manage ment along with 
continued research to establish treatment paradigms with 
appropriately targeted therapies for patients with prostate 
cancer. Efforts to investigate and better understand 
predictive markers and signatures of both response and 
resistance to treatment with PARP inhibitors such as 
niraparib are needed to guide therapy selection and 
optimise treatment outcomes.
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